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时间；用 Western blot 方法检测细胞内 CD133 表达；内源性大麻素、游离脂肪酸
及神经酰胺采用 LC-MS/MS 方法检测；使用荧光定量 PCR（RT-qPCR）技术检





FAAH、MGL，以及 CB1 的表达有显著性差异，2-AG 和 MGL 是调控内源性大
麻素系统的重要靶点。雷公藤红素对胶质瘤细胞具有一定程度的抑制作用，存在
时间和剂量依赖性，在此过程中上调了大麻素受体的基因表达，CB2 的升高更为





















Background: Gliomas are high degree of recurrence, poor prognosis of 
malignant brain tumor, has been a difficult problem in clinical. Many studies have 
shown that endocannabinoids have anti-tumor effects, including inhibition of 
proliferation, induction of apoptosis and inhibition of migration, but its role and 
mechanism on glioma has not been fully elucidated. Celastrol can inhibit proteasome 
activity, arrest cell cycle and induce apoptosis, which makes it a potential drug to treat 
glioma. 
Objective: Observe cell proliferation changement after regulating the 
endocannabinoid system with or without celastrol, explore the possible glioma 
therapeutic targets at the cellular level. Try to make celastrol a new drug to resist 
glioma. 
Methods: Cell growth curve was determined by cell counting method to 
calculate the doubling time; detecting intracellular CD133 expression by Western blot; 
endocannabinoids, free fatty acids and ceramides were detected by LC-MS/MS 
method; using RT-qPCR technology to detect cannabinoid receptor CB1, CB2, 
cannabinoid hydrolase FAAH, MGL and other gene expression levels of mRNA with 
or without celastrol; using CCK-8 kit to detect glioma cell proliferation after 
regulating endocannabinoid system with or without celastrol. 
Results: Doubling time, CD133, intracellular FFAs, ceramides content were 
significant differences. There are also significant differences between 2-AG, FAAH, 
MGL, CB1. Celastrol inhibited glioma cells proliferation in time and dose dependent 
manner, up rugulated mRNA of CBRs in the process, endocannabinoids enzyme 
inhibitors JZL184 and cannabinoid receptor agonists WIN55, 212-2 can enhance 
anti-glioma effect of celastrol. On the other hand, Celastrol can enhance the 
anti-tumor effect of JZL184. 
Conclusion: The increase in endocannabinoid levels or activating the channel 
signaling inhibits proliferation of glioma cells, the endocannabinoid system is an 
effective target for the treatment of glioma, and celastrol can be a good drug 
combination. 
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胶质瘤细胞系的建立一般采用 Tetsuo Kanno 的方法，用 Egael MEM 培养液
作单层静止培养，细胞贴壁生长，每 7-10 天传代 1 次
[10]
，如 SHG44 细胞就是采
用这种方法，1979 年取材于 32 岁、女性额叶星形细胞瘤Ⅱ-Ⅲ级的病人。动物异
种移植成功，LDH 同功酶测定显示了恶性肿瘤的特征，光镜和电镜分别见到胶



























A172 和 U251 是 Giard 等
[12]









































































的化学结构如图 1.1 所示。 
 
图 1.1 大麻有效成分 THC 及内源性大麻素 AEA、2-AG 的化学结构 
Fig 1.1 The chemical structure of THC, AEA, 2-AG 
人体中被发现存在以下两种大麻素受体：CB1（Cannabinoid Receptor 1）和 




。CB1 受体和 CB2 受体同属 G 蛋








































。AEA 对 CB1 受体比对 CB2 具有更高
的亲和力（解离常数，Ki = 52 nM）
[27]
。然而，2-AG 对 CB1 和 CB2 都具有亲和
力，但是对 CB2 的亲和力更大。 
1.2.2 内源性大麻素降解途径 
体内内源性大麻素 AEA 和 2-AG 主要是在神经细胞内进行一系列合成和降
解等过程。神经细胞在外源性或生理性刺激下，神经细胞膜上的磷酸脂分解产生
了 AEA 和 2-AG，之后经过不同的降解途径排出体外。 
AEA 在载体的作用下转运到细胞内，然后被 FAAH 酶水解，生成花生四烯
酸和乙醇胺（图 1.2），从而丧失了生理活性。FAAH 属于丝氨酸水解酶家族，主
要表达于细胞膜上，在体内分布比较广泛，但主要在大脑和肝脏分布较多。通过
抑制水解酶 FAAH 的活性能提高体内 AEA 的水平，从而发挥一定的生理及药理
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